Milk and milk products are considered to have tremendous nutritional values as they contain a good proportion of protein, fats, and important minerals. However, the nutritional value of the milk produced in Pakistan is not up to the mark as extensive use of pesticides on crops resulted in contamination of milk. Consumption of contaminated food such as milk, meat, fish, eggs can induce increased proportion of organochlorine pesticides in the body. The purpose of this study is to determine organochlorine pesticide residues in milk and their toxicity level by Maximum Residues Level (MRL) values. In the current study, organochlorines such as Dichlorodiphenyltrichloroethane (DDT), Dichlorodiphenyldichloroethane (DDE), Dieldrin, Gamma-hexachlorocyclohexane (Ɣ-HCH) also known as Lindane, α-Endosulphan, β-Endosulphan and Endosulphan sulphate were detected with the help of gas chromatograph equipped with electron detector. These pesticides were confirmed by using gas chromatography-mass spectrometry (GC-MS). Analysis of variance is applied (ANOVA) to determine variations of pesticides in all milk samples. Analysis showed non-significant results (p > 0.05) with large variation among all milk samples regarding pesticide residues. The mean values of DDT, DDE were found to be below the MRL value. The mean values of Dieldrin, Ɣ-HCH were also below MRL value. On the other hand mean values of α-Endosulphan, β-Endosulphan, and Endosulphan sulphate were slightly higher than MRL in few milk points. The present study showed large variations of pesticides residues present in milk samples.
Introduction
Milk is considered as a complete food because of its extraordinary nutritional value. Milk production in Pakistan is approximately 42.17 million tons. Throughout the world, Pakistan is included in top milk-producing animals ranking at fourth position. In Pakistan, milk is produced by the cow, buffalo, sheep, goat, and camel but being a major contributor, cattle, and buffalo is considered to be the elite milk-producing animals. [1] Cattles constitute 53% of total milk-producing animals in Pakistan and add 35% of the gross milk production of Pakistan. Rural areas are the highest milk producing areas by achieving 80% milk production along with peri-urban areas that contribute 15% milk as well as 5% milk is produced by urban areas. [2] It has been few years where many researchers are claiming the existence of pesticide residues in milk. Improper treatment and extensive use of pesticides have resulted in threats to human health and economic loss. Adoption of pesticides can be measured by the presence of pesticides left in an environment. [3] One of the necessary and unavoidable components of modern agriculture is increased crop production to meet the demand of growing populace.
During last three to four decades, there has been increased use and development of pesticides. Currently, new ways have been introduced for production and protection of crops, moreover, for the preservation of food products such as grain storage in warehouses. [7] A different environment like soil, water, air is contaminated with pesticides including organic and inorganic pollutants. [8] [9] [10] [11] [12] All factors including biological, physiological, and chemical processes, that is, biochemical degradation, leaching, moisture contents, microbial activity, and all organic contents determine the behavior of pesticides in relation to the soil. [13] [14] [15] In Pakistan, farmers use 39 types of herbicides, 108 type of insecticides, 30 types of fungicides for the betterment of crop. [16] Mostly, organochlorine, organophosphorus, phenoxyacetic acid herbicides, carbamate, pyridinium herbicides, triazine herbicides and substitute urea are commonly used by farmer community. [16] Organochlorine residues have been recorded by many researchers in the soil of Pakistan due to persistent nature of these pesticides.
Organochlorine pesticide residues can enter into the food chain slow degradation of organochlorine in an environment. [17] [18] [19] [20] [21] Organochlorine pesticide residues contaminate food like meat, milk, and fish. Consumption of this kind of contaminated food cause exalted level of pesticide residues in the body. [22] These pesticide residues accumulate in an animal body by using contaminated feed, grass, corn silage and water. Many studies have been done on the associated organochlorine pesticide residues in water, soil and food chain. [23] [24] [25] [26] [27] Organochlorine and organophosphorus pesticides have been widely used. Pesticides residues get incorporated into the soil particles resulting in contamination of soil after application, drainage, and disposing of these pesticides. Organochlorine is not synthesized in Pakistan. Therefore, these pesticides are imported to meet the demand for pesticides. [28] Milk is considered good at dissolving fat-soluble pesticides like organochlorine pesticides. [29] Literature shows that human health is affected by consuming contaminated food with organochlorine pesticides. [30] One of the studies also indicated the presence of DDT and HCH in milk and also the level of DDT is higher than HCH. It also pointed out the presence of organochlorine pesticide residues in dairy products. [27] Additionally, a few studies have probed about feed and water contamination with these pesticides. Feeding milk-producing animals on these contaminated feed is one of the reasons for the existence of organochlorine pesticides in milk. [28] The study aimed to determine the toxicity level of organochlorine in milk as compared to the suggested MRL value.
Research methodology

Collection of milk samples
Milk samples (250 mL) are collected from local markets of Sahiwal. These samples are collected in sterilized glass bottles which were airtight. The fresh sample so collected placed in cool boxes which consist of ice packets.
Sample extraction
The extraction of the sample was based on Kampire et al. [27] The milk sample was defrosted, regimented and mixed thoroughly. Then 100 mL sample was taken and divided into two equal parts. Then 1 g of fat was taken and was mixed anhydrous sodium sulphate in a 250 mL flask. After the mixture got set, then petroleum ether was filtered to in another tube containing anhydrous sodium sulphate through glass funnel. This concentrated material added in 3 mL of hexane to clean out.
Cleanup with the florisil method
Glass column of 15 cm long plugged with glass wool and washed with hexane. The concentrated fat extract was added to this column, and then it was eluted to 100 mL n-hexane to extract organochlorine pesticide residues. The resultant material was added to 250 mL round bottom flask and mixed with anhydrous sodium sulphate. The residue was dissolved in 1 mL cyclohexane for GC analysis.
Gas chromatography
Gas chromatography (GC) was based on Kampire et al. [27] For GC analysis, a variant gas chromatograph (Hewlett Packard 5890 series 11) equipped with Ni 63 Electron Capture Detector (ECD) fitted with semi-polar and non-polar fused silica capillary column (Integrator HP 3396:A) along with 30 m length and 0.25 mm ID (internal diameter) along with 0.25 µm film thickness was used. Hydrogen gas (Purity~99.9%) with a controlled rate of 1.2 mL/min was used as carrier gas at the rate of 30 mL/min as auxiliary gas with ECD. Nitrogen gas was used as electron capture detector (Purity9 9%). The injector temperature was 250°C; detector temperature was kept 300°C. The initial column temperature was 110°C kept for 1 min then raised at a rate of 20°C/min to 165°C kept for half a minute and again raised at a rate of 2°C/min to 235°C and maintained for 1 min, and finally raised at a rate of 35°C min −1 to 280°C where it was maintained for 4 min. The injection volume was kept up to 1 µ/L.
Calibration of the GC was achieved before the sample analysis using the standard pesticide obtained from Engro Corporation, Pakistan. The detection of limit (LOD) was ranged from 0.01, and 0.04 µg/kg milk fat and the limit of quantification (LOQ) was 0.01 µg/kg for DDT, Ɣ-HCH, Endosulphan and 0.03 µg/kg for Dieldrin and DDE.
Determination of recoveries for each milk sample was carried out by spiking the fresh milk samples with a particular concentration of pesticides (known concentration). 1 g of milk fat was spiked with 1 mg/mL of a standard solution of pesticides in blank samples and produced further spiking samples ranging 0.04 µg/kg and 1.0 µg/kg from standard solution.
Chromatogram of organochlorine pesticides analyzed by GC-ECD
Retention time for DDT, DDE, Dieldrin, Ɣ-HCH, α-Endosulphan, β-Endosulphan and Endosulphan sulphate is 16.05 min, 15.4 min, 16.13 min, 10.87 min, 11.96 min, 12.5 min and 13.9 min. Detector temperature was set to 300°C, and the injection volume kept up to 1 µ/L (Fig. 1 ).
Statistical analysis
Analysis of variance (ANOVA) was executed by using Minitab-17 to analyze the data of pesticide residues to find out the variation in residues contents among all milk samples from different milk points.
Result
All milk samples were collected from Sahiwal region because Sahiwal is well known for milk production. Cotton is the most cultivated crop in this region along with crops like wheat, corn, etc. cattle are fed on agro-industrial by-products such as cotton, wheat, khel. This may transfer chemicals like pesticides to cattle and ultimately in milk.
Variation of OCPs among all milk points
A significant difference in the presence of organochlorine pesticide residues was not found among all milk samples. Nevertheless, large variation was found in all milk samples. Following are the results of each OCP, i.e., DDT, DDE, Ɣ-Hexachlorocyclohexane, α-Endosulphan, β-Endosulphan, Ɣ-Endosulphan, Endosulphan sulphate.
Variation of DDT among all milk points
Non-significant differences (p > 0.05) were found among all milk points in case of DDT contents after analysis of variance (ANOVA) as shown in Fig. 2 . Nonetheless, the large variation has been observed in all milk points. High DDT contents were found in four milk points, i.e., Bhola milk point (BhMP), Hassan milk point (HsMP), Ghauri milk point (GhMP) and Ghausia milk point (GosMP) as compared to all milk points. On the other hand low, DDT contents were observed in two milk points, i.e., Hussain milk point (HMP), Al-Noor milk point (ALNMP) comparatively.
Variation of DDE among all milk points
No big difference was found in DDE contents in all milk points (p > 0.05) as shown in Fig. 3 . Analysis of variance depicted significant variation among all milk points. High DDE contents were exposed in Lasani milk point (LMP) as compared to other milk points, and low DDE contents were found in Gujjar milk point (GMP) comparatively.
Variation of dieldrin among all milk points
Statistical analysis was conducted to analyze data as shown in Fig. 4 . Results showed no big difference among all points (p > 0.05). However, analysis of variance represented large variation in all milk points. High dieldrin contents were found in four milk points, that is, Neeli Bar milk point (NBMP), Ghausia milk point (GosMP), Al-Madina milk point (ALMMP) and Baloch milk point (BLMP). On the other hand, two milk points, that is, Al-Noor milk point and Azan milk point showed low contents of Dieldrin contents from results as compared to all milk points.
Variation of Ɣ-hexachlorocyclohexane among all milk points 
Variation of α-endosulphan among all milk points
The residual analysis (ANOVA) revealed variations in all milk points with no big difference (p > 0.05) as shown in Fig. 6 . Sadiq milk point (SMP), Rai milk point (RMP) and Dilbahar milk point (DMP) indicated higher residues of α-Endosulphan whereas Bhola milk point (BhMP) Gujjar milk point (GMP) and Ravi milk point (RvMP) indicated low residues of α-Endosulphan as compared to all milk points.
Variation of β-endosulphan among all milk points
Results showed significant variations in all milk points with no big difference (p > 0.05) as shown in Fig. 7 . Sardar milk point (SrMP), Gujjar milk point (GMP), Shama milk point (ShMP), Dilbahar milk point (DMP) and Hassan milk point (HsMP) revealed relatively high residues of β-Endosulphan and low residues were found in Bhola milk point (BhMP) and Ghausia milk point (GosMP) as compared to other milk points.
Variation of endosulphan sulphate among all milk points
Analysis of variance (ANOVA) showed no big difference among all milk samples (p > 0.05) as shown in Fig. 8 . However, results illustrated considerable variations in all milk samples. It showed that Baloch milk point (BlMP), Neeli Bar milk point (NBMP), Dilbahar milk point (DMP), Al-Latif milk point (AlLMP) and Al-Madina milk point (AlMMP) indicated higher Endosulphan sulphate residues relatively and three milk points, that is, Hassan milk point (HMP), Sadiq milk point (SMP) and Azan milk point (AMP) had lower contents of endosulphan sulphate in all milk points. The range of DDT and DDE were less than MRL. However, mean values and ranges of Dieldrin, Ɣ-HCH, α-Endosulphan, β-Endosulphan were higher as compared to MRL values. On the other hand, mean values of Endosulphan Sulphate was indicated to be lower than MRL value as shown in Table 1 .
Discussion
Farmers have been using pesticides for many years in a great manner. Though Pakistan is not a manufacturer of pesticides but still a lot of pesticides, especially, organochlorine pesticides have been used by farmers. Above table showing details of different pesticides being used in different crops. Whenever crops are harvested, it is natural that they will be exposed to various bacterial and insect diseases. In above table, we can observe that various pesticides are being used in cotton, maize, rice & sugarcane at different stages of the life of these crops. [17] In Fig. 9 we can observe the different percentage being used in different crops in Pakistan. Figure 9 shows the percentage of pesticide used in different crops, and we can see that cotton falls in greater usage region counting for 69%, while rice for 18%, vegetables 10%. Figure 10 shows different pesticides being used in Pakistan which includes insecticides, herbicides, fungicides, etc. Fumigates counts for 74%, herbicides counts for 14%, fungicides counts for 9%. [17] DDT, DDE, dieldrin, α-Endosulphan, β-Endosulphan, Ɣ-HCH, and endosulphan sulphate which were detected in milk samples collected from Sahiwal region and surrounding areas. Low concentration of Organochlorine pesticides was detected in milk samples because of banning of these pesticides. [28] The present study showed Dieldrin, α-Endosulphan, β-Endosulphan, Ɣ-HCH, and endosulphan sulphate with the ranges of 2.08-18.45 µg/kg, 0.75-228.6 µg/kg, 2.4-297.1 g/kg, and 0.19-10 µg/kg, 1.5-19 µg/kg respectively. These results are comparable to previous studies in which ranges are under Maximum Residues Limit (MRL). In present milk samples, comparatively high percentages may be due to contamination of feedstuff and also the availability of these pesticides in the market after banning.is because of earlier storage and persistence in the environment. All OCPs were present in milk samples although some of them did not exceed the MRLs. This was also found in a study conducted by Kampire et al. [27] and Santos et al. [32] they reported that some of the OCPs exceed the MRLs while other remained below the MRL. The occurrence of the alarming quantity of OCPs could be due to maximum use of particularly during the cultivation of seasonal crops. The influence of heat, wind, and rain can also be the reason for it. High concentrations of OCPs reveal the increased and improper use of these pesticides by the farmer. [30] The present study showed DDT detection level after applying statistical analysis ANOVA test. The concentration of DDT contents was recorded with the range of 0.05-4.6 ug/kg. A study conducted by Gebremichael et al. [33] on cow's milk who reported somewhat similar results as compared to the current study. This study also showed non-significant results (p > 0.05) with the range of 0.01 ug/kg-0.21 ug/kg
In another study conducted [29] revealed presence of these pesticides but under MRL value (40 µg/kg). These pesticides are fat soluble, hence, is one of the main reason for milk contamination. Gebremichael et al. [33] have conducted a similar study, showed somewhat comparable results to present study. This study has been conducted on cheese in Brazil revealed the relatively higher value of DDT (0.6 µg/kg). Likewise, another study conducted in also recorded residues of DDT content exceeds from MRL value. [34] Another study conducted by Aslam et al. [1] in India who reported almost 70% of the samples were contaminated with DDt contents at the mean level of 0.015 ug/kg. Similar results were also recorded by Ashnagar et al. [34] Our results are somewhat in agreement with this study. On the other hand, the current study showed contamination of milk with DDE and concentration of DDE content as in the range of 0.2 µg/kg-15.6 µg/kg. Similar results were shown in a study conducted in Pakistan on cotton crops indicated 9% sample was contaminated with DDE content between the range of 0.1 µg/kg-1.2 µg/kg. [30] Another study conducted by Waliszewski et al. [35] who reported results with lower mean values as compared to the present results. Present results were found in contrast to these results with a comparatively high range of DDE contents.
Another study conducted by Gebremichael et al. [33] recorded contamination of milk with DDT and DDE. Both of these contents, DDT and DDE, were calculated in same range because DDE is the metabolite of DDT. However, in the present study, DDT contents were shown higher as compared to DDE contents. Moreover, all milk samples were contaminated with Dieldrin with the mean value of 11.8 µg/kg and with the range of 2 µg/kg-18.4 µg/kg. The following study has revealed a low level of contamination of milk samples with dieldrin. One of the related studies on organochlorine pesticides was conducted in Uganda which reported the presence of Dieldrin contents at the mean level of 27 ug/kg. Our study revealed lower Dieldrin contents as compared to this study with 11.82 ug/kg. [36] This study also recorded contamination of milk samples with Ɣ-HCH. Comparatively higher contamination was observed in 15% milk samples of the total. Mean value of Ɣ-HCH was 1.3 µg/kg with the range of 0.19-10.18 µg/kg which is lower as compared to a study which is held in Uganda presenting higher concentration of Ɣ-HCH contents that were 26 µg/kg. [35] Present results were also found lower than those reported by Abou Donia who detected γ-HCH contents with the mean value of 36 ug/kg. [37] In another study conducted on children exposure to organochlorine pesticides, residues analyzed Ɣ-HCH contents with the mean value of 7 µg/kg which is relatively higher than present study. [38] From results, it has been shown that milk samples were contaminated with endosulphan and its isomers, that is, α-Endosulphan, β-Endosulphan, and endosulphan sulphate. Comparatively higher value of endosulphan sulphate can be observed from results in all milk samples.
Mostly, contamination of feedstuff with endosulphan and its isomers is one of the main reason for the presence of these pesticides residues in milk. In a study held by Tsiplakou et al. [38] showed that in contamination of milk samples endosulphan pesticides were a major contributor. This study recorded mean value of endosulphan was 100 µg/kg which is in comparison to present study that represents the mean value of α-Endosulphan and β-Endosulphan 112.6 µg/kg and 107.1 µg/kg respectively.
The utilization of endosulphan sulphate in pesticides on crops is one of the major reason for the presence of these pesticides in milk. In following large study, variation was found in all milk samples. 60% milk samples showed contamination with DDT and DDE, and 50% samples showed contamination of Ɣ-HCH and a higher percentage, that is, 80% contamination was shown with endosulphan sulphate.
Conclusion
Pakistan is an agrarian country and to increase production farmers use pesticides. Different studies have been conducted to measure the usage and impacts of pesticides on health. In a current study, seven pesticides were analyzed in milk samples which are collected from different areas. Application of these pesticides on crops which is used as a feedstuff is one of the main reason for detection of these pesticides in milk. Being lipid soluble OCPs accumulate in tissues rich in lipid contents including adipose tissues, brain, liver, and kidney even in milk produced by cattle. Also, various health complications occur due to excessive use of pesticides on crops such as OCPs get incorporated into the digestive tract. These pesticides also become the part of the circulatory system as a result of absorption of these OCPs by the small intestine. These pesticides ultimately can cause cancer, reproductive malfunctioning, disturbance of hormones, neurotransmitters, enzymes along with behavioral changes. There is a need to analyze the uses and consequences of pesticides on human health.
